Introduction:
Hemocyanins are respiratory proteins found in many species of the two phyla Mollusca and Arthropoda. The smallest allosteric unit of the Crustacean hemocyanin is the hexamer and association states between hexamer and oligo-hexamer exists (van Holde and Miller, 1995; van Holde, 2001 , Linzen et al. 1985 . The association of the subunit occurred by divalent cations as Ca2+ and Mg2+ (Magnum, 1983) . The multimeric structure of the hemocyanins enables a high cooperative oxygen binding and Hill-coefficients between 2 and 11 (Bonaventure and Bonaventura, 1980; Robert et al. 1987) . The oxygen binding of the crustacean hemocyanin is modulated by a number of inorganic and organic molecules.
Divalent cations and chloride (Truchot, 1975) , protons (Magnum, 1983 , Truchot, 1975 , neurohormons (Morris and McMahon, 1989) , and anaerobic end products such as urate (Morris et al. 1985) and L-lactate (Truchot, 1980) are modulators of the oxygen binding of the hemocyanin. Morris et al. (1985) showed that urate increases the oxygen affinity of the hemocyanin of the freshwater crayfish Austropotamobius pallipes and the urate effect was confirmed later for other crustacean species (Lallier et al., 1987; Bridges, 1990) . Urate accumulates under hypoxic conditions because of the oxygen-dependence of the uricase of crustacean (Dykens, 1991) . Accessorily, other purine derivatives also influence the oxygen affinity, without physiological relevance. Zeis et al. (1992) analyze the oxygen and effector binding of the hemocyanin of the European lobster. Menze et al. (2001 Menze et al. ( , 2005 investigate the pHdependence of urate and caffeine binding to the hemocyanin of the European lobster via ITC studies and present a plausible allosteric model, but it seems, that urate accumulation is not essential during environmental hypoxia under chosen conditions.
Temperature is another environmental factor in the habitat of crustacean. High temperature could be induced low oxygen concentration in water (zitat). Decker et al. (2000) investigated the temperature influence of the aggregation state of the hemocyanin from Astacus leptodactylus. Zeis (1994) showed a temperature dependence of the oxygen binding of the hemocyanin of the European lobster in the presence of urate. To understand the binding of urate to the hemocyanin at different temperatures, titration experiments at different temperatures under normoxic and hypoxic conditions were determined. Menze et al. (2000 Menze et al. ( , 2001 Menze et al. ( , 2005 used caffeine as an analogue of urate and it serves as a useful model component.
Caffeine binds much stronger and it is even more potent in influencing the oxygen affinity of the hemocyanin of the European lobster. To understand this different binding properties and influences of these two effectors, additionally, we used different xanthine derivatives in our investigations to characterize the specificity of the urate binding site.
Materials und Methods: Purification of hemocyanin and control of the aggregation state:
Purification and characterization of the hemocyanin of the European lobster, H. vulgaris, was performed as described previously, with regards to its aggregation state and its molecular weight (Menze et. al., 2000) .
ITC experiments:
All calorimetric experiments were performed with the VP-ITC titration calorimeter (MicroCal Inc., Northhampton, MA). Design and operation of the instrument were described previously (Zitat). The protein solution was prepared by dialysis of purified hemocyanin against HEPES-buffer ( 100 mM HEPES, 150 mM NaCl, 20 mM CaCl2, 20 mM MgCl2; pH 8,0). Ligand solution was prepared by dissolving urate in this HEPES-buffer. We used the following ligands in the ITC experiment: urate, caffeine, paraxanthine, theophylline, theobromine, iso-caffeine, 1-, 3-and 7-methylxanthine and trimethyl-uricacid. The ITC experiments were carried out at temperatures between 10 and 30°C. The injection syringe rotated at 310 rpm and the time interval between the injections was about 250 s. The raw data were corrected by the subtraction of the heat of the addition of buffer to hemocyanin and the heat of dilution of the ligand into buffer. Additionally, the raw data were corrected for the injection signal of buffer into buffer. Titration curves were analyzed using the "Two-Sets-of- The temperature of the hypoxic ITC experiments were between 10 and 30°C and the equilibration temperature of the ligand and hemocyanin solution were three degree under the experimental temperature.
Analysis of calorimetric data:
Binding of all purine derivatives were analyzed by the Two- This shown enthalpy-entropy-compensation is a simply consequence of the strong temperature dependence of ΔH 0 and ΔS 0 . McPhail and Cooper (1997) proposed that a change in heat capacity in dependence of temperature could result in such an enthalpy-entropycompensation. The binding of caffeine could be characterized by a negative change in heat capacity (from ΔC pallo caff (10°C) = 0,48 kJ K -1 mol -1 to ΔC pallo caff (30°C) = -2,10 kJ K -1 mol -1 ).
Negative heat capacity changes could depend on transfer of hydrophobic ligands from water to the binding site (Wadsö, 1972) . Additionally, we investigate in the heat capacity changes of di-methylxanthines and we could characterize the heat capacity changes of the dimethylxanthines about 0,1 kJ K -1 mol -1 (10°C) to -3,10 kJ K -1 mol -1 (30°C). Thus, the heat capacity change of caffeine should be much stronger than of the dimethylxanthine because of its hydrophobicity, but this is not the case. As one sees above, there is no correlation between the hydrophobicity of the ligand and its change in heat capacity, because the higher the proportion of methyl-groups at the effector the higher should be the negative heat capacity change. But studies of Clarke et al. (2001) and Cooper (2005) demonstrated, that the appreciation of heat capacity changes depend on hydrophobicity much more difficult.
An additional explanation of negative heat capacity changes could be a temperature dependent and ligand induced change of conformation (Elguero et al. 1976 , Eftink and Biltonen, 1980 , Cooper, 2005 . This seems to be the presumably explanation, because the conformationally changes occur in the temperature dependence of the heat capacity (Privalov and Privalov, 2000) . 
